The aim of this study was to explain the effectiveness of the Investigation-Based Multiple Representation (IBMR) learning model to improve the physics problem-solving abilities of high school students on reflection and refraction of light. The effectiveness of the learning device was analysed based on the results of tests of problem-solving abilities and student responses. The trial was conducted on 62 students from grade eleventh at State Senior High School 1 of Waru (East Java, Indonesia), using a onegroup pre-test-post-test design. The data collection in this study was used test and survey techniques. The data collection instrument was used as a problem-solving ability test consisting of seven problem descriptions and student response questionnaires. The data were analysed quantitatively using inferential statistics, i.e. paired t-test and independent t-test for problem-solving ability data and descriptive statistics using the percentage of students for student response data. The results of the data analysis were showed a significant increase in the ability to solve physical problems with an average N-Gain score of the high category (i.e. 0.72 for students of class IPA 1 and 0.73 for students of class IPA 2) and there was a consistency in the increase in grades N-gain in both replication classes. The results of the analysis of student responses showed that students were responded to learning activity very positively with a percentage of 85.84%. These results indicate that learning using the IBMR model is effective for improving students' physics problem-solving abilities in reflection and refraction material.
INTRODUCTION
The 21st-century learning paradigm emphasizes the several skills that students must master, one of them is problem-solving. This is in line with the objectives of learning physics. Learning physics aims to shape students' personalities who can solve problems by applying their knowledge and understanding in everyday life [1] . Students can apply physics concepts that have been learned during learning activities [2] . Experience in problem-solving is needed after students graduate from school and function at work. Problem-solving is the main skill of physics that will be used in life [3] . Therefore, students are expected to have high problem-solving skills.
In fact, the results of the study found that learning physics in higher education has not been able to help students gain knowledge and ability to solve physics problems [4] . Students College experiences are difficulties in solving physics problems and have low problem-solving abilities [5] . The students complete introductory physics courses with low understanding of concepts in mechanics, optics, electricity, and magnetism, and have low problemsolving abilities [6] [7] . The low ability to solve the physics problems of students in higher education can be caused because students have not been trained to develop problemsolving skills when they were in the previous level of education.
The previous research was conducted on students at State Senior High School 1 of Waru (East Java, Indonesia), showed that the results of the test of students' physics problem-solving abilities on reflection and refraction light were classified as very low with a percentage of 23.68%. The percentage of each indicator of problem-solving ability is still very low, namely the percentage of students' ability to understand problems by 15.26%, plan problem-solving by 2.76%, run the problem-solving by 1%, and re-check by 4.6%. This study showed that the achievement of students' physics problem-solving abilities in each indicator of problem-solving is still very low in the category. Therefore, efforts are needed to improve students' problem-solving abilities.
The problem-solving ability is an ability that can be trained through learning activities, for example by compiling learning activities that aim to improve students' physics problem-solving abilities. In this study, indicators of the ability to solve physics problems include the ability to understand problems, the ability to plan problemsolving, the ability to run problem-solving plans, and the ability to recheck on problem-solving that has been done.
One of the learning models developed to improve the ability physics problem-solving is the Investigation-Based Multiple Representation (IBMR) model [3] . The syntax of the IBMR learning model is Orientation, Investigation, Multi-representation, Application, and Evaluation. The learning steps in the IBMR model provide opportunities for students to practice their physics problem-solving skills by applying multi representations. The ability of multi representation is very important to be trained because students often need to transform the representation formats when it can solve the problems.
One of the high school physics materials that require to master in various representations is optical material, especially in the reflective material and refraction of light. However, based on the results of preliminary research, students show difficulty in determining information that is known and asked, difficulty in rewriting problems with different forms, difficulty in writing important information related to the problem, difficulty in identifying concepts, principles, rules, laws, or physical formulas which is suitable for problem-solving, difficulty in substituting the value of a quantity into an equation, difficulty in performing arithmetic operations to determine unknown variables, difficulty in solving problems clearly, focused, and logically connected, and have not been able to use the correct quantities and units consistently. Therefore, students need to practice multi-representation ability through learning activities to support the improvement of physics problem-solving abilities, for example by applying the IBMR model in physics learning activities that are thought to be effective in improving problem-solving abilities in reflection and refraction light material.
II. EXPERIMENT METHOD
The aim of this research has analysed the effectiveness of learning device using Investigation-Based Multiple Representation model to improve students' problemsolving ability on reflection and refraction materials. This study was used a One Group Pre-test post-test Design. The effectiveness will be determined based on 1) significant improvement on a score between pre-test and post-test of students' problem-solving abilities; 2) consistency improvement of students' problem-solving ability based on N-Gain score; 3) students' response to the learning activities and learning support components.
Sample of the research were 62 students from State Senior High School 1 of Waru (East Java, Indonesia). The trials were given to grade eleventh students' from class IPA 1 and IPA 2, which consist of 31 students in each class.
The data collection techniques were through tests and surveys. Data collection instrument using the form of seven item description questions to measure the ability of students to solve physics problems of reflection and refraction of light and the questionnaire to determine student responses to the learning activities and learning support components.
The collected data was analysed quantitatively. The data of physics problem-solving abilities obtained from the students 'pre-test and post-test results which were analysed inferential statistics using paired t-tests and independent ttests for student's N-Gain scores. The student response data collected were analysed using descriptive statistics using the percentage of the number of students who responded positively to the learning activities and supporting devices.
Student problem-solving ability scores are converted to grades using equations:
……. (1) Equation [1] is also used to calculate the students' physics problem-solving abilities on each indicator. The categories for students' physics problem-solving abilities are presented in Table I . Pre-test and post-test scores were then tested using paired t-tests to determine the significance of changes in students' problem-solving abilities. The data is normally distributed and homogeneous were used T-Test. Homogeneity and normality test and t-test using SPSS version 22.0 with the zero hypotheses read: "the average results of the pre-test and post-test results there is no difference". The criteria for accepting or rejecting the zero hypotheses are: if the significance is less than α with a significance level of α = 0.05 (2-tailed), then the zero hypothesis is rejected.
Next, the N-Gain value is determined to improve students' problem-solving abilities after learning activities using the IBMR model with the equation: (2) with:
N-Gain score;
pre-test value; post-test value The categorization of N-Gain scores [8] fulfils the criteria as presented in Table II.   TABLE II. N-GAIN SCORE CRITERIA
Score Criteria High Average Low
The N-Gain value was tested using an independent t-test to determine the consistency of students' problem-solving abilities in both replication classes. Test for normality and homogeneity of N-Gain values using the help of SPSS Advances in Computer Science Research, volume 95 version 22.0 application with the sound of the zero hypotheses: "there is no significant difference in the variance of N-Gain values in replication I and replication II". The criteria for accepting or rejecting the zero hypothesis is that if the significance is less than α with a significance level of α = 0.05 (2-tailed), then the zero hypothesis is rejected.
The next analysis is student response data to the learning activities and their supporting components. The data were analysed using descriptive statistics by determining the average percentage of students who responded positively to each aspect assessed. The following explanation is the equation to determine the percentage of student responses in each aspect assessed.
….. (3)
with:
= Percentage of student responses; ∑ = Number of students who gave positive responses; and ∑ = the total number of students who responded
The percentage of students who responded positively was then interpreted into the criteria [9] presented in Table  III . Fig.1 and Fig. 2 presents students' physics problemsolving abilities before and after the learning activities for class IPA 1 and 2 respectively. The significance of α in the test of normality and homogeneity was > 0.05, so it can be concluded that the pre-test and post-test data are normally distributed and homogeneous. The paired t-test is then performed to determine the significance of changes in the pre-test and post-test values, the results of which are presented in Table  VI . The value of sig.α in paired (2-tailed) t-test results in α <0.05 which means there is a significant improvement in Advances in Computer Science Research, volume 95 problem-solving ability after learning activities using the IBMR model.
Then, the two average similarity test is performed to increase the value of problem-solving abilities based on the average N-Gain value of students in each class using an independent t-test. Before an independent t-test is performed, the normality and homogeneity of the N-Gain values are tested first. The normality test results for the N-Gain value are presented in Table VII . The homogeneity test results of the N-Gain values are presented in Table VIII . The significance of α in the test of normality and homogeneity was > 0.05 so that it was concluded that the N-Gain values were normally distributed and homogeneous.
The results of the independent t-test are presented in Table IX . The value of sig.α in the independent t-test (2-tailed) produces α was > 0.05 which means there is a consistency in improving students 'problem-solving abilities based on students' N-Gain scores in both replication classes. The results of statistical tests conducted in this study indicated that the learning activities using the IBMR model can improve students' physics problem-solving abilities significantly and consistently. This finding in this research is which states that the use of representations is effective for increasing students' understanding of physics concepts and problem-solving abilities [10] .
The role of multi-representation to improve students' physics problem-solving abilities is also supported by the results of the research which states that multirepresentation is a good method for instilling an understanding of concepts and solving physical problems [11] . Then, the learning activities carried out will be more effective and efficient when students are active to process information with multiple presentations. This is also in accordance with the opinion of Solso et al. [12] which states that the representation of information is very important in problem-solving.
The ability of students' representation must continue to be trained in learning activities. The students' physics problem-solving abilities were will be increased. Therefore, the teachers need to prepare multirepresentation based learning devices as an alternative learning model to improve students' physics problemsolving abilities. The high effectiveness of chasing the IBMR model is also supported by the positive responses given by the students. The analysis of student responses is presented in Table X . The renewal of the learning component 83.55% 3.
The use of learning activities in an effort to practice problem-solving skills 84.27%
4.
The novelty of the problemsolving stages 91.13%
5.
The ease of completing problem-solving ability tests 80.65%
6.
The students' interest in learning using the IBMR model at the next meeting
85.48%
The average percentage of the students who gave an overall positive response
85.54%
The analysis of student responses shows that the majority of students responded positively to the learning activities of the IBMR model and its supporting devices with a percentage of 85.54%. This shows that most of the students have high attention to the learning activities when using the IBMR model. Students' attention to the learning activities and the components of learning activities are very important for the achievement of learning objectives [13] .
IV. CONCLUSION
Learning device using Investigation-Based Multiple Representation model was developed to improve students' physics problem-solving ability. The result of this research prove that: 1) there is a significant change in problemsolving ability after learning activities using the IBMR model with significance level of 0.000 (2-tailed) for both classes; 2) IBMR learning model is consistence in improving students 'problem-solving abilities with significance level 0.136 (2-tailed); 3) students responded positively to the learning activities of the IBMR model and its supporting devices with percentage of 85.54%. Based on the results of the data analysis and discussion in this study, it can be concluded that the learning device using the IBMR model is effective for improving students' physics problemsolving abilities in reflection and refraction materials.
